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EFFECTS OF A NUMBER OF MODIFICATIONS ON THE STATIC STABILITY 

OF THE APOLLO ATMOSPHERIC ABORT CONFIGURATION 

SUMMARY 

A preliminary investigation at Mach numbers from 0.5 to 1.20 has 
been conducted in the NASA Langley Research Center 8-foot transonic pres- 
sure tunnel on the atmospheric abort configuration with several devices 
mounted on the rocket case and the abort tower. These devices consist 
of two different diameter turning vanes mounted at the base of the rocket 
case, two different diameter blunt-cone shields mounted at the spacecraft 
nose within the abort tower and a blunt-cone shield mobted within the 
tower near the tower midpoint. Also, an investigation at Mach numbers 
of 1.57, 1.80, and 2.16 has been conducted in the Langley Unitary Plan 
wind tunnel on an atmospheric abort configuration with a flow deceler- 
ation ring device mounted on the abort tower and a redesigned solid 
abort tower configuration. These tests were run with and without a 
conical shroud around the abort rocket nozzles. 

The transonic data for the configuration with the several devices 
show t h a t  all of the configurations are fairly stable throughout the 
Mach number range and are very similar. 
large blunt-cone shield mounted at the spacecraft nose within the abort 
tower was the only modification which improved the stability of the ref- 
erence configuration. However, the improvement was noted at higher 
angles of attack and the reference configuration still exhibited the 
best low angle-of-attack stability. 

The configuration with the 

The supersonic data for the solid abort tower configuration and the 
basic atmospheric abort configuration with the flow deceleration ring 
device show the configurations to be stable throughout the Mach nuniber 
range tested with and without the conical shroud around the abort rocket 
nozzles. 
uration increased the static stability at the lower angles of attack and 
decreased the static stability at the higher angles of attack over the 
supersonic Mach nurriber range tested. The data for the basic atmospheric 
abort configuration with the flow deceleration ring device show that the 
addition of the conical shroud tends to decrease the static stability. 
No improvement in stability characteristics of the basic configuration 
was observed over the angle-of-attack range tested due to the modifica- 
tion made. 

The addition of the conical shroud to the solid tower config- 

The data from all of the configurations and devices tested show no 
improvement in the stability characteristics over the original abort 
configuration near Mach number 1.00 where the stability is critical. 
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INTRODUCTION 

The results of tests on a representative Apollo atmospheric abort 
configuration, reported in reference 1, indicated a lack of stability 
near a Mach number of 1.00, and also a discontinuity of low angles of 
attack in the pitching-moment data near Unpublished results 
of tests made in the Langley Unitary Plan wind tunnel on the C - 1  Saturn 
Apollo launch configuration indicated that a conical shroud or fairing 
around the abort rocket nozzles eliminated the discontinuity in the 
moment data near M = 1.57. Tests were conducted in the Langley 8-foot 
transonic pressure tunnel and the Langley Unitary Plan.wind tunnel with 
and without a conical shroud around the abort rocket nozzles on a mod- 
ified atmospheric abort configuration. Two modifications were made to 
the basic abort configuration reported in reference 1. 
ness ratio was increased in an attempt to increase the stability char- 
acteriszics ofothe configuration, and the afterbody angle was decreased 
from 35 to 33 in order to obtain more workable volume in the command 
module. The data for these tests are reported in refekence 2. The basic 
moment data reported in reference 2 are presented for five center-of- 
gravity locations, four of which are not on the axis of symmetry. The 
result of the data reported in reference 2 indicated that the configu- 
ration without the conical shroud had satisfactory stability clzaracter- 
istics f o r  the most forward moment center only. A large amount of bal- 
last wodd be required at the rocket nose to obtain this center-of- 
gravity location. The data for this configuration are generally similar 
to the data reported in reference 1. It was concluded that since the 
data are similar, any improvement in stability due to the increase of 
the rocket fineness ratio was counteracted by a decrease in stability 
due to the change in the afterbody angle. The configuration with the 
conical shroud reported in reference 2 indicated the addition of the 
conical shroud provides a margin of positive stability for all moment 
centers. Also, the addition of the conical shroud tends to eliminate 
or lessen the discontinuity in the moment data near 

M = 1.37. 

Tne rocket fine- 

M = 1.57. 

In an attempt to improve the stability characteristics of the 
shrouded configuration reported in reference 2, a series of modifications 
were investigated. 
configuration and several devices added to the basic abort Configuration 
reported in reference 2 were tested. 
based on the minimum size solid tower that could be obtained from a 
static structural load standpoint. 

A completely redesigned solid tower for the abort 

The solid tower configuration was 

Tests were conducted in the Langley 8-foot transonic pressure tunnel 
on the basic abort configuration of reference 2 with several devices 
mounted on the tower and on the rocket case. These devices consist of 
two different diameter flow turning vanes located at the base of the 
rocket case, two different diameter blunt-cone shields attached at the 

a 

I 
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base of the abort tower a t  the spacecraft nose, and a blunt-cone shield 
located within the escape tower near the tower midpoint. 
conducted a t  Mach numbers from 0.5 t o  1.20 a t  angles of attack from about; 
-2O t o  20°. 
abort rocket nozzles. 
wind tunnel on the solid tower configuration and the basic abort con- 
f igurat ion of reference 2 with a flow deceleration ring device a t  Mach 
numbers of 1-37, 1.80, and 2.16 and a t  angles of attack from about -loo 
t o  20°. 
the abort rocket nozzles. 
resu l t s  of these tes ts .  

The tests were 

These t e s t s  were run without the conical shroud around the 
Tests were conducted i n  the Langley Unitary Plan 

These tests w e r e  run with and without the conical shroud around 
The purpose of t h i s  paper is  t o  report the 

SYMBOLS 

D a t a  are  presented using both the body and s t ab i l i t y  systems of 
axes. 
and coefficients used i n  t h i s  paper are defined as follows: 

The stabil i ty system of axes i s  shown i n  figure 1. The symbols 

'm 
Pitching moment pitching-moment coefficient, 

SSD 

D reference dimension (maxim-m model diameter) ft 

M free-stream Mach number 

P free-stream s t a t i c  pressure, l b / s q  f t  

2 
9 free-stream dynamic pressure, 0.7pM , lb/sq f t  

R 

S reference area, 5 D  , sq f t  

X 
D 

Reynolds number based on maximum dia,meter 

3T2 

longitudinal location of the center of gravity from heat - 
shield face 

ver t ica l  location of the center of gravity z 
D 
- 

a angle of attack or" nodel center l ine,  deg 

c.g. center-of-gravity location 



MODELS 

General dimensions of the configurations tested are given in figure 
2, and photographs of the configurations mounted in the test facilities 
are given in figure 3. The test models were made of stainless steel and 
aluminum. The spacecrqft had a maximum diameter, D = 10.92 inches, the 
heat shield radius is 1.2D, and the corner radius is O.O3D. The after- 
body angle is 33'. 

The basic atmospheric abort configuration is the same as the basic 
configuration of reference 2. The solid tower atmospheric abort con- 
figuration was designed with a minimum size solid tower that could be 
obtained from a static structural load standpoint. 

TEST FACILITIES, RANGES, AND ACCURACIES 

The tests were conducted in the Langley 8-foot transonic pressure 
tunnel at Mach number range from 0.5 to 1.20 and in the Langley Unitary 
Plan wind tunnel at Mach numbers of 1.57, 1.80, and 2.16. 

The basic atmospheric abort configuration tests with several dif- 
ferent devices mounted on the rocket case and within the abort tower 
were conducted in the Langley 8-foot transonic pressure tunnel at Mach 
numbers 4rom 0.5 to 1.20. These devices consist of two different diam- 
eter turning vanes mounted at the base of the rocket case, two different 
diameter blunt-cone shields mounted at the spacecraft nose near the 
tower base, and a blunt-cone shield mounted within the tower near the 
tower midpoint. 

The basic abort configuration with the flow deceleration ring device 
and the solid abort tower configuration tests were conducted in the 
Langley Unitary Plan wind tunnel at Mach numbers of 1.57,, 1.80, and 2.16. 

Table I presents the test conditions for the configuration tested. 
Table I1 gives the accuracy range of the data obtained from these tests. 

PRESENTATION OF RESULTS 

These tests were conducted in an attempt to see if the several mod- 
ifications to the atmospheric abort configuration would improve the 
stability characteristics over the original abort configurations. 
normal force cofficient versus angle of attack curve for the configuration 
tested is very similar to normal force cofficient versus angle of attack 

The 
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curve for the configuration reported i n  reference 2, thus only the 
pitching-moment coefficients need t o  be presented i n  this paper as these 
test's are oriented towards improving the s t a t i c  s t a b i l i t y  of the config- 
uration. " 

Tine basic moment data for the transonic data are presented i n  f ig-  
ures 4(a) t o  4(f) ,  and the basic supersonic data are  presented i n  f ig -  
ures 5(a) t o  5(c).  
been calculated f o r  a moment center of X/D = 0.706, Z/D = -0.0407 and 
'is compared w i t h  data reported i n  reference 2 on the configuration w i t h  
the conical shroud around the abort rocket nozzles a t  a moment center of 
X/D = 0.706, Z/D = -0.0407. 

The basic moment data f o r  a l l  configurations have 

DISCUSSION 

The longitudinal s t a t i c  s t ab i l i t y  data presented I n  this paper are 
the resu l t s  of a br ief  investigation of the basic atmospheric abort con- 
figuration with several devices mounted on the rocket case and the abort 
tower. 
without the conical shroud, with a flow deceleration ring device, and a 
redesigned solid abort tower configuration with and without the conical 
shroud through the Mach number range of 0.5 t o  2.16. 

moment center (X/D = 0.706, Z/D = -0.0407). 
the configuration with the conical shroud around the abort rocket nozzles 
reported i n  reference 2. 

The basic atmospheric abort configuration was tested, with and 

The basic moment 
., data are  presented i n  figures 4 and 5 and have been calculated about ~t 

The data are  compared. w i t h  

Basic Abort Configuration with Several Devices 

Mounted on the Rocket Case and Abort Tower 

The basic moment data f o r  the basic abort configuration w i t h  several 
devices mounted on the rocket case and the abort tower were obtained from 
the Langley 8-foot transonic pressure tunnel a t  Mach number range from 
0.5 t o  1.20. The angles of at tack investigated were from about -2' t o  
20'. The several devices tested consist of two different diameter turn- 
ing vanes located a t  the base of the rocket case, two different diameter 
blunt-cone shields located a t  the spacecraft nose near the tower base, 
and a blunt-cone shield located within the abort tower near the tower 
midpoint. 1 The basic moment data are presented.in figures 4(a) t o  4(f). 

The data show that a l l  of the configurations are stable throughout 
the Mach number range and over a f a i r l y  large angle-of-attack range. 
The configurations with the two different diameter turning vanes mounted 
a t  the rocket base, the smaU blunt-cone shield mounted a t  the spacecraft 



nose near the tower base, and the blunt-cone shield mounted near the 
tower midpoint are very similar throughout the Mach number range. 
configuration with the large blunt-cone shield mounted at the spacecraft 
nose near the tower base proved t o  be the most stable throughout the 
Mach number range and over a large angle-of-attack range. 
the configuration with the large blunt-cone shield also show a s l igh t  
increase i n  s t ab i l i t y  at  angles of attack from 'Jo t o  20' over the con- 
figuration reported i n  reference 2 except fo r  the data a t  

The 

The data fo r  

M =1.20. 

Supersonic data were obtained from the Langley Unitary Plan wind 
tunnel a t  Mach numbers of 1.57, 1.80, and 2.16 for  the solid abort tower 
configuration and the basic abort configuration with the flow deceler- 
ation ring device. 
-10' t o  18O. 
shroud around the abort rocket nozzles. 
sented i n  figures 5(a) t o  5(c) and are  compared with the configuration 
with the conical shroud reported in.reference 2. 

The angles of attack investigated were from about 
These t e s t s  were conducted with and without the conical 

The basic moment data are pre- 

Solid Abort Tower Configuration 

The data presented i n  figures 5(a) t o  5 ( c )  show that the configu- 
ration without the conical shroud around the abort rocket nozzles i s  
stable over the Mach nmiber range (M = 1.57, 1.80, and 2.16), with t r i m  
angle of about 4'. Figures 5(a) and 5(b) show that the addition of the 
conical shroud gives a large increase i n  the s t a t i c  stabil i ty a t  the 
low angles of attack, but a t  the higher angles of attack (a = about 9') 
there i s  a large decrease i n  the s tabi l i ty .  The data at the higher Mach 
number (M = 2.16) i n  figure 5(c) show that the addition of the conical 
shroud tends t o  decrease the stability characteristics of the configu- 
ration a t  a l l  angles of a t tack tes ted .  

Basic Atmospheric Abort Configuration with Flow 

Deceleration Ring Device 

Figures 5(a) t o  5(c) show the configuration (with and without the 
conical shroud) with the flow deceleration ring device t o  be stable 
throughout the Mach number range. 
show that the configuration with and without the conical shroud i s  very 
similar and stable over a f a i r l y  large angle-of-attack range. 
ures 5(b) and 5 ( c )  show that the configuration without the conical 
shroud is  more stable than the configuration with the conical shroud 
a t  the lower angles of attack with a decrease i n  stability at  the 
higher angles of attack (a > llo). 
(M = 2-16) show that the configuration without the conical shroud is  
very similar t o  the configuration reported i n  reference 2; however, the 

The data presented i n  figure 5(a) 

Fig- 

The data presented i n  figure 5(c) 
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configuration reported in reference 2 still ehma the best s h b l l l t y  
cbaracterfstics throu&out.the Mach number range tested. 

The results of a %rid inveatfgation of' the atmospheric abort con- 
figuration w i t h  several devices mounted oq the r u e k t  case and within 
the abort towerJ a solid abort tower configwktlon, and a basic abort 
configuration w i t h  a flw deceleration sing device illdica'te #at there 
is no increase in the Gtabilety characf4ristice over the basic ogen 
tower shrouded rroazsle conflgumtion at the eritical Maoh mrdber (M = 1.001. 

1, , Jackson, Bruce G. , and Moseley, WiUZm C. , Jr. : Projecs;t Apollo - 
8tatAc L o n g l t W n a l  B t a b i l l t y -  Cha;racterla%ics oT a B l u n t  Symmetrical 
Reentry Configuration snd a Tower-Mounted-Rocket A%znospheric Abort 
Configmation Which Meet the &polPo Mission Requfrements. ' 

NASA ProJact AgoI.3.0 Working Paper No. 1022, Jul. 19, 1961. 

2. Moore, Robert E., Jr.: Progect Pgollo - 6tatic LongitudinaZ. Sttibili%y 
Characterlsticn of a Ncd.ified Atmospheric Abort Conf'iguraCian for 
Project Ap013.0. M$A Project Apollo Working Paper No. 3040, 
D ~ C .  20, 1961. 
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d i d  a b o r t  Power configuration wifhaut t h e  
conical s h r o u d ,  

Figure 3,- C o n c l u d e d ,  
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